Electrospray ionization (ESI) coupled with tandem mass spectrometry has been used in conjunction with microwavemediated saponification, periodate oxidation, and clostridial sialidase hydrolysis to enable detailed structural characterization of gangliosides and their derivatives present in mullet milt. The gangliosides extracted from mullet milt were determined to be GM3, GM3 lactone, GM3 methyl ester, and 9-O-acetyl GM3. For the major ganglioside GM3 and all GM3 derivatives, the ceramide composition was revealed to be C 
Introduction
Gangliosides are sialic acid containing glycosphingolipids that are bound to plasma membrane. They are especially concentrated in the central nervous system, with their polar head carbohydrate portion involved in membrane activities, protruding out of the membrane. Gangliosides have been shown to play an important role in cell-cell recognition, interaction and adhesion (Edelman, 1976 (Edelman, , 1984 Hakomori, 1984 Hakomori, , 1990 Fredman, 1994) . The expression of gangliosides is varied from species to species and is developmentally regulated at the genetic level in the central nervous system (Ledeen, 1985; Svennerholm et al., 1989; Yu, 1994; Tsuji et al., 1996) . Gangliosides also act as cell surface receptors (Schengrund, 1995) and antigens for toxins, viruses, and bacteria (Karlsson, 1989; Suzuki, 1994) . Moreover, gangliosides have been reported to be responsible for human brain tumor cell growth and migration (Fredman et al., 1994; Morton et al., 1994; Fish, 1996) . Detailed structural characterization and quantitation of gangliosides are prerequisites for elaborating upon the understanding of their biological significance.
Mass spectrometry has been commonly applied to the structural identification and characterization of gangliosides. The related techniques of liquid secondary ion mass spectrometry (LSI-MS) (Singh et al., 1990) and fast atom bombardment mass spectrometry (FAB-MS) (Egge and Peter-Katalinic, 1987) can produce molecular weight information from underivatized gangliosides, as well as fragmentation details, especially when tandem mass spectrometry capability is added. Matrix-assisted laser desorption ionization (MALDI) (Egge et al., 1991) coupled with time-of-flight (TOF) mass analysis is gaining much attention for its ability to measure molecular weights of intact biomolecules, and for its high sensitivity (detection limits commonly in the picomole range). Although improvements in MALDI-TOF technology have been considerable in recent years, in general, certain disadvantages still exist such as a rather wide mass selection window for post source decay (PSD). This limitation poses certain ambiguities in deciphering fragmentation patterns due to the commonly existing heterogeneities in fatty acid or long chain base portions, with mass differences as small as 2 Da in the case of a supplementary site of unsaturation.
Electrospray ionization mass spectrometry (ESI-MS), developed by Fenn et al. (Fenn et al., 1989; Cole, 1997) for biological molecules, provides advantages of soft ionization, and high sensitivity. Tandem mass spectrometry (MS/MS) allows the possibility for determination of individual ganglioside structures even when present in a mixture. ESI-MS/MS is a method of choice for structural determination of gangliosides (Siuzdak et al., 1993; Chan and Reinhold, 1994; Reinhold et al., 1994; Ii et al., 1995; Stroud et al., 1996) , compounds that commonly exhibit heterogeneity, and for which modifications occur frequently.
Gangliosides in high animal species such as mammalian tissues have been extensively studied, however, little is known regarding gangliosides in low animal organisms such as fish except for fish brain (Iwamori et al., 1978; Nagai et al., 1980) . Previous work DeGasperi et al., 1987) has found that mullet roe (Mugil cephalus) contains large amounts (over 80%) of GM2 gangliosides with phytosphingosine as the long-chain base, as well as hybrid neolactoganglio-type sugar chains. The goal of this paper is to characterize gangliosides isolated from mullet milt using electrospray ionization in conjunction with tandem mass spectrometry. This effort initiates the study of gangliosides in reproductive tissues of fish, aiming to reveal further details of their biological significance.
Results and discussion
Gangliosides have been extensively studied in mammalian tissues, however, much less work has been done regarding gangliosides in lower species such as fish. Previous work has found GM2 that contains phytosphingosine long-chain base in mullet roe extract. Our goal is to investigate and characterize the gangliosides in milt of mullets. The crude ganglioside extracts from mullet milt had many components as indicated by TLC. Preliminary purification was needed before MS analysis. Dialysis against water removed most small molecules and salts from the extract. DEAE anion-exchange chromatography was used to separate gangliosides from neutral compounds and phospholipids. On TLC, mullet milt was found to contain GM3 as the major ganglioside along with a series of minor gangliosides. Monosialogangliosides eluted by DEAE anion exchange chromatography showed two fast moving TLC bands in addition to the dominant GM3. A silicic acid column was used to remove contaminants and separate minor gangliosides from the major ganglioside GM3 (see details in Materials and Methods). Figure 1 shows the TLC analysis of the fractions eluted from the silicic acid column. Fraction 1 (combined chloroform:methanol (9:1) (8.5:1.5), and (8:2) eluates) contains unknown gangliosides g1 and g2, and fraction 2 (first 5 fractions of chloroform:methanol (7:3) eluates) shows GM3 and another unknown ganglioside g3. g1 and g2 were found to have much higher TLC mobilities (Figure 1 ) than the standard GM3, indicating much lower polarities. g1 and g2 could not be separated from each other on a silicic acid column, nor on an Iatrobeads HPLC (RS8060, 25.0 × 1.2) column. g3 also has a slightly higher TLC mobility than GM3. Saponification of fraction 1 or fraction 2 converted the three fast-moving gangliosides to GM3, suggesting that g1, g2, and g3 are derivatives of GM3 with base-labile groups.
ESI-MS
Fractions 1 and 2 were separately analyzed by ESI-MS in both positive and negative ion modes. The ensemble of acquired data was inspected, and coherent assignments of peaks could be made. In positive ion mode, fraction 1, containing unknowns g1 and g2, gave two peaks at m/z 1157 and 1189 (Figure 2a ) that were deduced to correspond to sodium adducts of g1 and g2, respectively. This data, in conjunction with the supplemental evidence that follows indicates that neutral forms of g1 and g2 have molecular weights of 1134 and 1166 amu, respectively. Fraction 2, containing GM3 and unknown g3, gave six major peaks at m/z 1175 , 1177 , 1197 , 1199 , 1217 , and 1239 . Data inspection enabled identification of m/z 1175 and 1177 as two (M+Na) + forms of GM3, while m/z 1197 and 1199 correspond to (M+2Na-H) + forms; m/z 1217 and 1239 were identified as (M+Na) + and (M+2Na-H) + of g3, respectively. The molecular weight for GM3 in fraction 2 is thus confirmed to be 1152 and 1154 amu while that for g3 is found to be 1194 amu. The fact that GM3 and g3 exhibit (M+2Na-H) + peaks indicates that a freely exchangeable proton exists on these compounds. The carboxylic acid on the terminal sialic acid of GM3 is just such a proton, and g3 is thus also considered to bear a readily exchangeable proton that is likely attached to a carboxylate group. Notably, g1 and g2 did not yield (M+2Na-H) + ions, indicating that they are devoid of carboxylic acid groups or highly exchangeable protons. Based on this, it can be concluded that both g3 and GM3 have acidic protons, while g1 and g2 do not.
In the negative ion mode, fraction 1, containing unknowns g1 and g2, showed peaks at m/z 1133, 1151, 1165, 1169, and 1201 ( Figure 3a) . The peak at m/z 1151 was assigned to the single form of deprotonated GM3 present; lower intensity peaks at m/z 1133 and 1165 correspond to the deprotonated molecules of the previously postulated 1134 and 1166 Da molecules representing g1 and g2, respectively. Peaks at m/z 1169 and 1201 are dominant and are rationalized to correspond to the chloride adduct peaks of the form (M+Cl) -, for g1 and g2, respectively. Evidence for the presence of (M+Cl) -peaks is that: (1) isotope modeling of (M+Cl) -peaks matched the real distribution of isotopes of m/z 1169 and 1201 peaks; and (2) CID of m/z 1169 and 1201 each gave a chloride peak ( 35 Cl -) at m/z 35, while fragmentation of m/z 1171, and 1203 gave both chloride 35 Cl -and 37 Cl -peaks at m/z 35 and 37, respectively. Fraction 2, containing GM3 and g3, Chloride anions have been observed to originate from dissociative electron capture of chlorinated solvents including chloroform, under discharge conditions in negative ion ESI (Cole and Harrata, 1992) . Chloride anions are also ubiquitous impurities in the environment, and chloride can be present at significant levels in chlorinated solvents. While the source of chloride may be difficult to pinpoint, chloride attachment peaks were definitely observed for g1 and g2, but not for g3 or GM3. The lack of (M+Cl) -peaks for the latter two compounds can be rationalized due to a preference to form (M-H) -, indicative of the presence of carboxylic acid groups.
All major peaks in both positive and negative ion ESI mass spectra can be assigned to g1, g2, and g3 ions that arise from neutral molecules of 1134, 1166, and 1194 Da, respectively. Relative to GM3 (1152 Da), g1 is 18 Da lower in mass, and we attribute this mass difference to a lactone form of GM3. This assignment is corroborated by the presence of both (M+Cl) -and (M-H) -peaks in the negative ion mode, and the lack of (M+2Na-H) + in the positive ion mode. The lactone form of ganglioside GM3 has been previously found in bovine adrenal gland (Evans and McCluer, 1971) and in mouse melanoma cells (Nores et al., 1987) . Moreover, lactone forms of other gangliosides have been reported, such as those of GM4 in whale brain (Terabayashi et al., 1990) , GD3 in mouse brain (Gross et al., 1980) , and GD1b in human brain (Riboni et al., 1986.) . Although the possibility was raised that these ganglioside lactones were formed in the sample preparation process rather than being actually present in biological species, biochemical evidence has been provided to establish that they are indeed naturally occurring (Riboni et al., 1986; Nores et al., 1987; Kawashima et al., 1994) . For the GM3 lactone that we are reporting, the intramolecular ester bond is formed between the carboxylic acid on the terminal NeuAc and the hydroxyl group on C2 of galactose (see Figures 4 and 5) according to Yu et al. (Yu et al., 1985) , as established by high resolution NMR.
A priori, the gain of 14 Da for g2 relative to GM3 could be attributed to the presence of (1) a methoxy group in place of a hydroxyl group (methyl ether form) or (2) a methyl ester in the place of the carboxylic acid. We assign g2 to the methyl ester form of GM3 based upon the presence of a (M+Cl) -peak with only a very minor (M-H) -peak in the negative ion mode, and the lack of (M+2Na-H) + in the positive ion mode. The (M+Cl) -is usually absent while the (M+2Na-H) + characteristically appears for a compound bearing a carboxylic acid group. Moreover, saponification of g2 produced GM3, which excludes the methyl ether.
Lastly, g3, 42 Da higher in mass than GM3 is postulated to correspond to an O-acetyl form of GM3. Such O-acetylation has been described previously for naturally occurring gangliosides at the 4, 7, or 9 hydroxyl group positions on the terminal sialic acid (Schauer, 1982; Troy, 1992; Varki, 1992) , or at the 6 hydroxyl group position on an internal galactose (Yachida et al., 1996) (Figure 4 ). GM3 lactone and GM3 methyl ester were chemically synthesized for comparison of TLC, ESI-MS and ESI-MS/MS daughter ion spectra in both positive and negative ion modes. On TLC (Figure 1 ), synthesized GM3 lactone has the same mobility as g1, while GM3 methyl ester has the same mobility as g2, which corroborates the postulated assignments.
ESI-MS/MS
Because g1, g2, and g3 are all postulated to have structures closely related to GM3 (Figure 4 ), we first examine the MS/MS decomposition of products of the well-characterized GM3 molecule. Positive ion ESI-MS/MS was performed on precursor ion (GM3+2Na-H) + at m/z 1197 and 1199 aided by collision-induced decomposition (CID) using argon as the collision gas. The results are summarized in Table II . Employing the fragmentation nomenclature of Costello and Vath (Costello and Vath, 1990) , m/z 1197 parent gave daughter ion peaks at m/z 884 (Y 2 ) and 336 (B 0 ), while the m/z 1199 parent gave daughter ion peaks at m/z 886 (Y 2 ) and 336 (B 0 ), which were assigned to sodium adducts of LacCer and NeuAc residues, respectively ( Figure 4 ). This 2-unit difference of Y 2 for two forms of GM3 with exactly the same B 0 must be attributed to a difference on the ceramide portion. CID of (g2+Na) + at m/z 1189 produced daughter ion peaks at m/z 884 (Y 2 ), 722 (Y 1 ), and 328 (B 0 ), which all appeared in the form of sodium adducts. CID of the precursor ion (g3+2Na-H) + at m/z 1239 gave daughter ion peaks at m/z 884 (Y 2 ) and 378 (B 0 ). The latter is attributed to the sodium adduct of an O-acetylated NeuAc residue, indicating that the O-acetyl group is on the terminal sialic acid rather than elsewhere on the molecule. Unlike the cases of GM3, g2 and g3, CID of the precursor ion (g1+Na) + at m/z 1157 did not yield a Y 2 daughter ion, presumably because the presence of the lactone bond strengthened the union between the NeuAc and Gal units. This description is corroborated by the observation of the Y 1 cleavage (m/z 722) identical to that of g2. The daughter ion at m/z 750 is assigned to a g1 fragment analogous to Y 1 containing an HC = O termination (fragmentation pathway 2 in Figure 5 ). This decomposition presumes ring-opening cleavage of the C5-O bond with concerted cleavage of the C1-C2 bond on the internal Gal. The daughter ion at m/z 850 is assigned to glycosidic cleavage between the NeuAc and Gal units, concerted with double bond formation at C2-C3 of Gal, and lactone ring opening (fragmentation pathway 1 in Figure 5 ). The two unique daughter ions formed by the indicated mechanisms corroborate that the intramolecular ester bond existed between the carboxylic acid group on the terminal sialic acid and the hydroxyl group at C2 of the internal galactose. This result, which is consistent with the NMR results of Yu et al. (Yu et al., 1985) , is to our knowledge the first mass spectrometry evidence indicating the position of the intramolecular ester bond of ganglioside lactone.
In summary, the positive ion ESI decomposition of these GM3 derivatives showed that both GM3 and O-acetyl GM3 have similar patterns: cleavage of the glycosidic bond between the terminal sialic acid and the internal galactose was dominant (Y 2 and B 0 ). In addition to the Y 2 and B 0 daughter ions, decomposition of the methyl ester of GM3 gave one more cleavage between the internal galactose and the glucose (Y 1 ), confirming the sugar chain sequence. The extra ring present on the GM3 lactone impeded Y 2 decomposition, but did not affect the Y 1 process, and created a new possibility for galactose ring opening, which gave information as to the position of intramolecular ester bond formation.
In For further definitive confirmation, GM3 lactone and GM3 methyl ester were synthesized to compare the negative ion CID mass spectra of extracts to authentic standards. The synthesized GM3 lactone and the synthesized GM3 methyl ester showed the same chloride attachment peaks (m/z 1169 and 1201) as g1 and g2, respectively, isolated from mullet milt. The CID spectra of the GM3 methyl ester extract and the authentic standard are shown in Figure 6 , a and b, respectively, thus confirming the extract identification. The GM3 lactone structure was similarly confirmed.
Determination of the O-acetyl position
Both g1 (GM3 lactone) and g2 (GM3 methyl ester) were resistant to enzymatic hydrolysis with clostridial sialidase even after overnight incubation. This observation is consistent with a previous report . On the contrary, fraction 2 containing both g3 (O-acetyl GM3) and GM3 underwent hydrolysis, yielding lactosyl ceramide (LacCer), neuraminic acid (NeuAc), and another product that we assign as O-acetyl sialic acid. It is well known that O-acetylation of gangliosides at the C4 hydroxyl position of the terminal sialic acid causes resistance to hydrolysis by clostridial sialidase (Hakomori and Saito, 1969; Yachida et al., 1996) . This is not true for O-acetylation at the C7, C8, or C9 hydroxyl positions of the terminal sialic acid (Schauer, 1982; Troy, 1992; Varki, 1992) . Therefore, the O-acetyl group on g3 from mullet milt must be located at either the C7, C8, or C9 hydroxyl position. However, an O-acetyl group located at C7 or C8 may spontaneously migrate to the more stable C9 position if the hydroxyl group at C9 is not already substituted (Kamerling et al., 1987) . Moreover, 8-O-acetyl sialic acid is regarded as quite unstable and subject to fast migration to the 9-O-acetyl form, whereas migration from the C7 position is very slow.
To clarify whether g3 is a 9-O-acetyl GM3 or a 7-O-acetyl GM3, or a mixture of the two, periodate oxidation was used to gain additional information. Periodate can react with compounds bearing vicinal hydroxyl groups to yield aldehydes (Culling and Reid, 1982) . 7-O-Acetyl NeuAc (or 4-O-acetyl NeuAc) is susceptible to this type of reaction, but the kinetics of reaction with 9-O-acetyl NeuAc are too slow to detect the products (Haverkamp et al., 1975; Manzi et al., 1990) . Table III (Table III) that the O-acetyl group is attached to the C9 carbon of the terminal sialic acid. This resistance to periodate oxidation by 9-O-acetyl NeuAc is consistent with previous results (Haverkamp et al., 1975; Hirabayashi et al., 1983) . ESI-MS detection of periodate oxidation products turns out to be simple and direct compared to Schiff reagent staining reviewed by Culling and Reid (Culling and Reid, 1982) or gas chromatography/mass spectrometry reviewed by Kamerling and Vliegenthart (Kamerling and Vliegenthart, 1982) . Table III 
Composition of ceramide portion
We now turn to characterization of the ceramide portion of GM3 and related derivatives. The ceramide moiety is a fatty acyl group linked to a sphingose (long-chain base) via an amide bond. The hydrocarbon chains may contain one or more unsaturations. GM3 eluted in late chloroform:methanol 7:3 fractions of silicic acid column (Figure 1 , lane 3) appeared as a single peak at m/z 1151. GM3 in fraction 2, however, yielded two peaks at m/z 1151 and m/z 1153. CID of these two parent ions gave two different Y 0 daughter ions at m/z 536 and m/z 538, respectively, indicating heterogeneity in the ceramide portion. Notably, the GM3 derivatives g1, g2, and g3, showed no signs of heterogeneity. To characterize the fatty acid and long-chain base structures of the ceramide portion of GM3, microwave-mediated saponification was employed to cleave the ceramide, thereby producing a fatty acid and the remaining lyso-ganglioside (long-chain base still attached to the carbohydrate portion). The fatty acid and remaining lyso-ganglioside were separated as described in Materials and methods. Saponification of the major ganglioside GM3 (m/z 1151) produced only one fatty acid peak (m/z 255 = palmitic acid, Figure 8a) , and a single lyso-GM3 peak (m/z 913, Figure 8b ). By comparison, upon saponification fraction 2 yielded a single peak at m/z 255 (palmitic acid), indicating a single C 16:0 fatty acid, and two peaks at m/z 913 and m/z 915, indicating the presence of two different long-chain base structures having compositions of C 18:1 and C 18:0 , respectively. Further confirmation of the ceramide assignments can be obtained from direct inspection of CID mass spectra of the enzymatically cleaved ceramide parent ion acquired in both positive and negative ion modes (Hayashi et al., 1990; Yachida et al., 1996) . The ceramide portion can be released from gangliosides via CGase treatment (see Materials and methods). For the ganglioside GM3 eluted in late silicic acid chloroform:methanol 7:3 fractions (Figure 1, lane 1) , the lower layer extract yielded a single (M-H) -at m/z 536 in negative-ion ESI-MS. Upon CID, decompositions yielded daughter ions ( Figure 8c ) coherent with the above ceramide assignment of C18:1/C16:0. The upper layer extract showed the complementary sialyl-lactose deprotonated molecule at m/z 632 in negative ion ESI-MS.
The combination of microwave-mediated saponification and ESI-MS analysis is thus verified to be a fast and simple method to characterize the ceramide portion of gangliosides by isolating component fatty acids and by indirectly analyzing the long-chain base through comparison of the lyso-ganglioside to the intact ganglioside. This procedure can give definitive information about the chain length and the number of unsaturations on the fatty acid and the long-chain base moieties. Access to information about the position of unsaturations is also possible using CID (Jensen et al., 1985) . We offer this method as a viable alternative to methanolysis followed by GC-MS analyses of fatty acid methyl esters and trimethylsilylated long-chain bases (Yu et al., 1970; Ledeen and Salsman, 1970) .
Conclusion
ESI-MS/MS can rapidly provide information concerning structural details of gangliosides and their derivatives. Direct CID analysis of intact gangliosides from mullet milt extracts revealed the sugar sequence, and gave clues concerning substituent groups. ESI-MS can also accelerate and improve the reliability of detection of products of wet chemical procedures designed to pinpoint ganglioside structural features. This approach was successfully implemented to identify products of microwave-mediated saponification (to characterize the ceramide portion), periodate oxidation (to locate vicinal hydroxyl groups and thus identify the site of O-acetylation), and clostridial sialidase hydrolysis (confirmation of the O-acetylation site). All isolated gangliosides were identified, and they were assigned as GM3 (with heterogeneity in the ceramide portion), the methyl ester of GM3, the GM3 lactone, and 9-O-acetyl GM3. While we believe that our identifications are definitive, at the present, we cannot rule out the possibility that at least a portion of the methyl ester of GM3 product may have been formed by transmethylation of the GM3 lactone in the presence of methanol. The GM3 lactone has been previously reported as naturally occurring in human, mouse, rat, and whale brain tissues, but to our knowledge, the in vivo presence of the methyl ester of GM3 has never been reported.
Even if tandem mass spectrometry is not an available tool, in the conventional ESI mass spectrum, differences were observed for ganglioside forms that lacked a carboxylic acid group such as the lactone and methyl ester forms. Unlike their carboxylic acid-containing counterparts, these latter compounds did not form (M+2Na-H) + peaks in the positive ion mode. Moreover, in the negative ion mode, (M+Cl) -peaks dominated over (M-H) -peaks only if no carboxylic acid group was present. The ability to form chloride adducts with neutral glycosphingolipids extends the range of compounds accessible by negative ion ESI-MS.
Materials and methods

Materials
All solvents were of HPLC grade and were used without further distillation. Mullet Mugil cephalus milt was collected at Pensacola, FL. The following were purchased from commercial sources: Clostridium perfringens sialidase (Sigma, St. Louis, MO), DEAE Sephadex A-25 (Pharmacia, Piscataway, NJ), silicic acid Bio-Sil A (Bio-Rad, Richmond, VA), C 18 Sep-Pak (Waters, Milford, MA) , and precoated Silica Gel-60 thin layer chromatography (TLC) plates (Merck, Darmstadt, Germany).
Ganglioside extraction and purification
Gangliosides were extracted sequentially from 250 g lyophilized mullet milt with 5 volumes each of chloroform/methanol (2:1), (1:1), and (1:2). The extracts were combined, evaporated to dryness using a rotary evaporator (Büchi Rotavapor, Brinkmann, Westbury, NY), suspended in water, dialyzed, and then lyophilized. The powder was dissolved in 270 ml chloroform: methanol:water (30:60:8) , and then applied to a DEAE Sephadex A-25 anion exchange column (acetate form) which was equilibrated with the same solvent. Monosialogangliosides were eluted by chloroform:methanol:0.2 M ammonium acetate (30:60:8) and dried via rotary evaporator. The monosialoganglioside fraction was redissolved in chloroform:methanol (19:1) and applied onto a silicic acid column. The column was then eluted stepwise with chloroform:methanol (9:1), (8.5:1.5), (8:2), (7:3), and (5:5). The fractions were analyzed by TLC using chloroform:methanol:water (60:35:8) as developing solvent. Glyconjugates on the TLC plates were revealed by spraying the plates with diphenylamine reagent (Harris et al., 1954) and heating to 115_C for 15 min. Fractions of chloroform:methanol (9:1) (8.5:1.5), and (8:2) (showing unknowns g1 and g2 on TLC) have been combined as fraction 1, and the first 5 fractions of chloroform:methanol (7:3) eluates (showing unknown g3 and GM3 on TLC) have been combined as fraction 2. All other chloroform:methanol (7:3) fractions showed only GM3.
Clostridial sialidase treatment
Aliquots (7 µl) of mullet milt extract fractions 1 and 2 (0.5-1.0 mg/ml) were incubated with and without (as control) 1.5 µl (3-7 units) clostridial sialidase in 50 mM pH = 5.5 acetic acid/ammonium acetate buffer at 37.2_C overnight, and then dried via vacuum concentrator (Speed Vac Concentrator, Savant, Farmingdale, NY) for TLC analysis.
Saponification treatment
Aliquots (10 µl) of mullet milt extract fractions 1 and 2 (0.5-1.0 mg/ml) were incubated with and without (control) 0.6 M NaOH in methanol at 60_C for 1.5 h and then neutralized with acetic acid. The solution was dried via vacuum concentrator and then a 100 µl slurry of Nucleosil C 18 beads, settled in chloroform:methanol:water 47:48:3 with 0.1 M KCl, was added. The mixture was vortexed for 5 min and then centrifuged at 15,000 r.p.m. for 5 min. The beads were twice washed with 1 ml water and the products were extracted with 0.5 ml methanol followed by 1 ml chloroform:methanol (1:1) and then analyzed by TLC.
Ceramide glycanase (CGase) treatment
Aliquots (30 µl) of major ganglioside GM3 were dried, dissolved in 98.5 µl of 50 mM pH 5.5 acetic acid/ammonium acetate buffer, and incubated for 16 h at 37.2_C with 1.5 µl (1-10 units) CGase, purified from Leech Macrobdella decora (Li et al., 1986) . After incubation, the mixture was subjected to Folch partitioning by adding 5 volumes of chloroform:methanol (2:1) (Folch et al., 1957) . The upper layer (aqueous) was dried via vacuum concentrator while the lower layer (organic) was dried under nitrogen. Both upper and lower layers were analyzed by ESI-MS.
Esterification of ganglioside GM3
Methyl-esterification of ganglioside GM3 was performed according to the method described by Handa and Nakamura . GM3 (0.5-1.0 mg) was converted to the sodium salt form by adding 0.1 M sodium bicarbonate (NaHCO 3 ) solution, drying, and dissolving in 500 µl dimethylsulfoxide (DMSO). Methyl iodide (120 µl) was added to the solution and the mixture was kept at room temperature for 18 h. The reaction was stopped by adding 10 ml water. The product was applied to a C 18 Sep-Pak that had been washed serially with 20 ml each of chloroform, methanol, and water. After washing, the methyl ester of GM3 was eluted from the C 18 Sep-Pak by 5 ml methanol followed by 10 ml chloroform/methanol (1:1). Eluates were combined and dried for TLC and ESI-MS analysis.
Lactonization of ganglioside GM3
Lactonization of ganglioside GM3 was performed according to McCluer and Evans (McCluer and Evans, 1971) . GM3 (0.2-0.5 mg) was dissolved in 2 ml glacial acetic acid and kept at room temperature for 1 week. The reaction solution was lyophilized to remove acetic acid and was then analyzed without further purification.
Periodate oxidation of gangliosides
As described previously (Angel et al., 1990) , 40 µg aliquots of gangliosides were dried and incubated in 0.01 M acetic acid/acetate buffer (pH 5.5), with and without 8 mM periodate (control) at 4_C for 72 h. The incubations were then dried and subjected to ESI-MS analysis without further purification.
Microwave-mediated saponification of mullet milt fraction 1
The following procedure was based upon that of Taketomi et al. (Taketomi et al., 1996) . Briefly (0.2-0.4 mg) mullet milt fraction 1 was dissolved in 0.5 ml of 0.1 M NaOH in methanol inside a Teflon-capped glass vial and subjected to microwave irradiation for 2 min. After the vial was cooled down to room temperature, the mixture was neutralized with 50 µl of 1 M HCl and a drop of water. Hexane (1 ml) was added to the solution followed by vigorous shaking. The upper hexane layer containing fatty acids was separated from the lower aqueous layer. The extraction procedure was repeated three times. The upper layers were combined and fatty acids were precipitated upon removal of hexane under vacuum. The lower aqueous phase was applied to a C 18 Sep-Pak cartridge that had been equilibrated serially with 20 ml each of chloroform, methanol, and water. The Sep-Pak was then washed three times with 10 ml of water. The products were then eluted using 5 ml methanol and 10 ml chloroform:methanol (1:1). Eluates were combined, dried, and then subjected to ESI-MS analysis.
Electrospray ionization mass spectrometry
ESI-MS spectra were obtained by direct infusion of gangliosides dissolved in chloroform:methanol (1:1) for the negative ion mode, and in methanol for the positive ion mode, employing a Quattro II triple quadrupole mass spectrometer (Micromass Inc., Manchester, England). A SAGE syringe pump was used at a flow rate of 2-4 µλ/min. The ESI capillary voltage was set between 2.5 and 3.5 kV. The source temperature was set at 80 _C. Nitrogen gas was introduced at 20-30 ml/min as nebulizing gas. Collision induced decomposition (CID) was accomplished employing argon as the collision gas (1∼3 mBar, externally located gauge, multiple collision conditions) in the second quadrupole. Data were collected at 8 points/Thomson for 15 scans (MS) or 25 scans (MS/MS), and manipulated by MassLynx 2.2 software (Micromass, Inc.).
